INTRODUCTION
Tuberous sclerosis (TS) or Bourneville disease is a rare autosomal dominant neurocutaneous disorder with an overall prevalence of 1 in 29,000 and a birth incidence of 1 in 11,000. [1] TS usually manifests as a triad of seizures, mental retardation and adenoma sebaceum, but may also involve other organs such as kidney, heart, lung and brain. Renal involvement is characterised by multiple, bilateral angiomyolipomas that are usually benign, but tend to increase in size and may bleed. Such patients may require interventions such as renal artery embolisation or partial nephrectomy under anaesthesia and pose a significant challenge for anaesthesiologists because of variable clinical presentation and multi-organ involvement.
A thorough pre-operative evaluation to assess the extent of involvement of other organs and meticulous intraoperative management and post-operative monitoring are crucial for safe management of such patients. We report the successful anaesthetic management of a case of TS with angiomyolipomas for partial nephrectomy under general anaesthesia.
CASE REPORT
A 21-year-old male patient, suffering from TS, weighing 58 kg presented with complaints of abdominal pain for the past 3 years. He had seizures in childhood and the last episode was at the age of seven after which he was not on any medication. There was no history of hypertension, haematuria, mental retardation or developmental delay. Family history was unremarkable.
Physical examination revealed adenoma sebaceum in the face [ Figure 1 ], ash leaf spots in the back and hyper-pigmentation of gums. Laboratory investigations revealed haemoglobin of 9.0 g% and all other parameters including renal function tests were within normal limits. Fundus examination revealed left eye astrocytoma. Echocardiography showed normal left ventricular function. Contrast-enhanced computed tomography (CECT) abdomen showed multiple angiomyolipomas with the largest measuring 8 cm involving the right kidney [ Figure 2 ]. CECT thorax showed multiple small, well-defined nodules in bilateral lung fields and sclerotic lytic lesions involving vertebrae.
CECT brain revealed multiple subependymal calcifications along with a cystic lesion in the posterior fossa. He was followed up with serial ultrasounds to assess the size of the tumour and right partial nephrectomy was planned as the right kidney increased in size significantly.
He was pre-medicated with tablet diazepam 10 mg and tablet famotidine 20 mg in the night and the morning before surgery. On arrival at the operation theatre, after attaching monitors, anaesthesia was induced with injection fentanyl 100 µg and injection propofol 100 mg intravenously (IV). Injection atracurium 25 mg. IV facilitated tracheal Intubation and was followed by maintenance with air and oxygen with 1.5% isoflurane and injection morphine 6 mg IV was used for intraoperative analgesia. 
Brief Communications
Throughout the intraoperative period, haemodynamics remained stable and peak inspiratory pressure was maintained at 15 cm H 2 O by using pressure-controlled ventilation mode on Datex-Aestiva/5 ® (Datex-Ohmeda Ltd, Hatfield, UK) anaesthesia machine. Partial nephrectomy of the right kidney with excision of the angiomyolipoma was done. Intraoperative blood loss of 800 ml was managed with transfusion of two units of packed cells, and adequate urine output was maintained. He was extubated at the end of the surgery and shifted to post-anaesthesia care unit for monitoring. IV morphine through patient-controlled analgesia pump was administered for post-operative analgesia. His entire post-operative period remained uneventful and he was discharged on 7 th post-operative day.
DISCUSSION
TS is characterised by development of multiple benign tumours of the embryonic ectoderm such as skin, eyes and nervous system. Spontaneous mutation of tumour suppressor genes TSC1 and TSC2, which encodes for hamartin and tuberin, respectively, accounts for the majority of the cases, though autosomal dominant inheritance is seen in 30% of patients. [2] Patients with TS are likely to require anaesthesia for various diagnostic and therapeutic procedures. Pre-anaesthetic assessment of the patient should focus on various abnormalities secondary to the disease process involving the neurologic, pulmonary, cardiovascular and renal system. Neurologic involvement is characterised by subependymal nodules, cortical tubers and subependymal giant cell astrocytoma that usually manifest as seizures, developmental delay or mental retardation. However, approximately, 50% of patients have normal intellect as seen in our case and 15% remain free from seizures. [3] If the patient is on anti-convulsive medications, it should be continued to avoid perioperative seizures.
Pulmonary involvement is seen in 1% of patients, and it is characterised by lymphangiomyomatosis and multifocal micronodular pneumocyte hyperplasia. Such patients may be asymptomatic or may present with dyspnoea, haemoptysis and pulmonary hypertension. [4] Spontaneous pneumothorax has been reported in patients with undiagnosed pulmonary manifestations. [5] Schweiger et al. have recommended positive pressure ventilation using the lowest possible peak airway pressure to avoid pneumothorax. [6] In our case also, airway pressures were maintained at 15 cm H 2 O throughout the intraoperative period, and nitrous oxide was avoided to prevent rupture of lung cysts.
Cardiovascular system assessment should be made carefully as 50% of patients with TS will develop rhabdomyoma of the heart which may cause congestive cardiac failure, conduction abnormalities, refractory arrhythmias and severe haemodynamic compromise. [7] Renal disease is the second leading cause of early death in patients with TS. Benign angiomyolipomas are one of the characteristic lesions as compared to other rare lesions such as renal cysts and renal cell carcinoma. Angiomyolipomas of size >4.0 cm are likely to haemorrhage and may require intervention such as embolisation or partial nephrectomy. [8] Kim et al. have described the successful management of renal angiomyolipoma with haemorrhage by selective arterial embolisation under anaesthesia. [9] Because of their vascular origin, partial nephrectomy in such cases is usually complicated by significant blood loss and haemodynamic disturbances. Hence, invasive monitors for intra-arterial blood pressure and central venous pressure should be used throughout the surgery. Though there are no contraindications to regional anaesthesia in patients with TS, [10] we avoided epidural in our case because of the sclerotic lytic lesions in the vertebrae.
Various post-operative complications such as seizures, severe hypertension and bradyarrhythmias have been reported, [10] but our patient did not have any such complications and his post-operative period remained uneventful.
CONCLUSION
Understanding the disease process in various organs and knowledge of their anaesthetic implications is crucial for successful management of patients with TS.
Declaration of patient consent
The authors certify that they have obtained all appropriate patient consent forms. In the form the patient(s) has/have given his/her/their consent for his/ her/their images and other clinical information to be reported in the journal. The patients understand that their names and initials will not be published and due efforts will be made to conceal their identity, but anonymity cannot be guaranteed.
INTRODUCTION
Oral cavity cancers are one of the most common cancers in Indian males. Consequently, maxillofacial cancer surgery constitutes a large part of surgical oncology practice in India. Manipulation and excision of mandible, maxilla and tongue are extremely noxious stimuli and severe hypertension and tachycardia during these procedures is not unusual. Management includes deepening the plane of anaesthesia by increasing the inhalational anaesthetic concentration and addition of intravenous (IV) opioids.
Traditionally, strong analgesics such as opioids have been used intra-operatively whereas non-steroidal anti-inflammatory drugs (NSAIDs) and paracetamol are most commonly given at the end of surgery as part of multimodal approach to post-operative analgesia. [1, 2] NSAIDs are highly effective in controlling bone pain and have analgesic effects in various conditions especially where tissue inflammation contributes to pain. [3, 4] Concerns regarding the deleterious effects of NSAIDs on platelet function and renal function in conditions of renal hypoperfusion are some of the reasons why NSAIDs are not preferred as intra-operative 
